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Abstract
Background: Obesity has increased since the early 1980s, and despite numerous attempts, effective strategies to
counter this worldwide epidemic are lacking. Food preferences are established early in life and are difficult to
change later. There is therefore a need to identify factors that influence the development of food preferences. Our
aim was therefore, to investigate cross-sectional and prospective associations between TV viewing habits and food
preferences and habits, respectively. We hypothesized that more TV viewing was associated with less healthy
concomitant and future food preferences and food habits.
Methods: Data are from the Danish part of European Youth Heart Study (EYHS) I and II, a prospective cohort study
conducted among 8-10-year-old and 14-16-year-old Danes in 1997-98. Six years later 2003-04 the 8-10-year-olds
were followed up at age 14-16 years, and a new group of 8-10-year olds were included. Data were analysed using
mixed linear regression analysis. Cross-sectional analyses included 697 8-10-year-olds and 495 14-16-year-olds.
Prospective analyses included 232 pupils with complete data at baseline and follow-up. Associations between TV
viewing habits and the sum of healthy food preferences (ΣHFP), and the sum of healthy food habits (ΣHFH),
respectively, were examined.
Results: Inverse cross-sectional associations between TV viewing (h/day) and both ΣHFP and ΣHFH were present
for both the 8-10-year-old and the 14-16-year-old boys and girls. The frequency of meals in front of the TV (times/
week) was also inversely associated with ΣHFP among 8-10-year-old boys, and with ΣHFH in all sex- and age
groups. Among girls, baseline TV viewing (h/day) was directly associated with adverse development in the ΣHFP
during follow-up. The concomitant 6-year changes in ΣHFH and TV viewing (h/day) were inversely associated in
boys.
Conclusions: Long time spent on TV viewing, and possibly to a lesser degree, frequent consumption of meals
during TV viewing, seem to be associated with generally having unhealthy food preferences and food habits
among school-aged children. These associations, however, were not generally persistent after 6 years of follow-up.
Background
The prevalence of obesity has increased dramatically
since the early 1980s [1-3], and despite numerous
attempts, effective strategies to counter this worldwide
epidemic are still lacking.
From birth we are genetically predisposed to a prefer-
ence for the sweet and salty tastes, and an aversion
against sour and bitter tastes. Food neophobia is also a
genetic predisposition, but preference for novel foods
can be learned and modified by repeated experience [4].
Food preferences and habits are established through
experience and learning in the first years of life, which
shape the later preferences and habits related to food
intake [5]. Food habits of children from 3-4 years of age
have been found to influence food habits through child-
hood and into adulthood [6,7]. Furthermore, food pre-
ferences are established early in life and are difficult to
change later [4]; additionally, food habits have been
found to depend largely on food preferences [8,9].
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are encouraged and promoted from early childhood in
order to establish healthy food habits later in life. How-
ever, there is a need to identify factors that influence
the development of food preferences to be able to apply
targeted initiatives for development of healthy food pre-
ferences. Different aspects of TV viewing have been
related to food habits and food preferences in children
[10-16]. A number of studies have focused on the effect
of advertisements on different aspects of food prefer-
ences [12,17,18]. However, the mere time spent on TV
viewing, or meals eaten during TV viewing may be
equally important. TV viewing offers a surplus of time
for food consumption, and a few studies have found
that high levels of TV viewing were associated with
reduced nutritional quality in the diet of school-aged
children [13-15]. Coon et al. [16] found that a large pro-
portion of the foods eaten during TV viewing were of
low nutritional value, and Blass et al. [19] that TV view-
ing during meals increased energy intake. Finally, Husby
et al. [20] observed, in a qualitative study, that children
with less healthy eating habits ate meals and snacks
alone, often in front of the TV, more often than chil-
dren with healthier eating habits.
Our aim was to investigate the cross-sectional associa-
tions between TV viewing habits and food preferences,
and food habits, respectively; and whether TV viewing
habits, and changes in TV viewing habits over the fol-
lowing 6 years were associated with 6-year changes in
food preferences, and food habits, respectively. We
hypothesized that more hours of TV viewing per day,
and a higher number of meals eaten during TV viewing
were associated with less healthy concomitant and
future food preferences and food habits.
Methods
Subjects
The analyses were based on data from the Danish part
of the European Youth Heart Study (EYHS) I and II,
which was designed to study cardiovascular disease risk
factors in children and adolescents [21]. The data were
collected in 1997-98 (EYHS I) and 2003-04 (EYHS II)
and both studies included 8-10-year-olds (3
rd grade) and
14-16-year-olds (9
th grade) from randomly sampled
schools in the municipality of Odense, the third largest
city in Denmark. The schools were stratified according
to size, socioeconomic character of their uptake area,
and geographical location (urban/rural). A sample of
1429 pupils was drawn from 25 schools in 1997-98 and
1019 agreed to participate. From this population 505
participants had complete data for the present study. In
2003 a new cohort of 8-10-year-olds was sampled, and
the children aged 8-10 years in 1997-98 were followed
up (now 14-16 years old). Of the 1480 invited in 2003-
04 902 agreed to participate in EYHS II [22]. From this
population 687 participants had complete data for the
present study. The sampled cohorts are considered to
be representative for the two age groups in Odense, but
not necessarily all over Denmark.
The study was approved by the local ethics committee
for Vejle and Funen (J.nr. VF 20030067) and is in accor-
dance with the Helsinki Declaration.
Dropout
The dropout rate from EYHS I to EYHS II was 34.9%.
There was no significant difference in dropout rate
between boys and girls (P =0 . 1 0 ) .H o w e v e r ,d r o p o u t
analyses were made separately for boys and girls, since
most of the statistical analyses were stratified by sex. No
significant differences in baseline characteristics were
observed between participants and non-participants
regarding ΣHFP (girls, P = 0.97; boys, P = 0.97), ΣHFH
(girls, P = 0.70; boys, P = 0.76), BMI z-score (girls, P =
0.88; boys, P = 0.09), or SES (girls, P =0 . 1 9 ;b o y s ,P =
0.41) among either girls or boys. Boys who participated
in EYHS I but not in EYHS II watched more hours of
TV per day (P = 0.05), and they more frequently
watched TV during meals (P = 0.003).
Measurements
Food preferences and food habits
The outcome variable “sum of healthy food preferences
(ΣHFP)” was based on nine questions from a validated
[23] computer-based questionnaire. The questionnaire
was developed specifically for EYHS and has been
shown to be valid and reliable for both 8-10-year-olds
and 14-16-year-olds [21]. The children answered
the questionnaire individually in a quiet room without
interaction with other children. Both age groups
answered the same questionnaire. A researcher, who
was instructed not to interfere with the children, was
present in case of questions or uncertainties during
completion of the questionnaires. The children had to
answer each question before the next question appeared
on the screen; thereby the amount of missing data was
reduced [24]. The children were asked about their pre-
ference for French fries, carbonated drinks, fruit, vegeta-
bles, pizza, salad, crisps, burgers, and sweets/chocolate,
with answers given on a 3-point scale (’I like it’, ‘it’s
OK’, ‘I don’tl i k ei t ’). The healthy items (fruit, vegetables
and salad) were given 2, 1, and 0 points for the answers
‘Il i k ei t ’, ‘it’sO K ’,a n d‘I don’t like it’, respectively. Con-
versely, the unhealthy items (French fries, carbonated
drinks, pizza, crisps, burgers, and sweets/chocolate) were
g i v e n0 ,1 ,a n d2p o i n t sf o rt h ea n s w e r s‘I like it’, ‘it’s
OK’,a n d‘Id o n ’t like it’, respectively. The 9 scores were
then summed to create the variable “sum of healthy
food preferences” resulting in a variable with a
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unhealthy food preferences and a high score indicates
healthy food preferences.
Likewise, the outcome variable “sum of healthy food
habits (ΣHFH)” was based on 9 questions regarding the
children’s’ intake of French fries, carbonated drinks,
fruit, vegetables, pizza, salad, crisps, burgers, and sweets/
chocolate (the same foods as the ΣHFP variable was
based on). Answers on intake habits were given on a 4-
point scale (’every day’, ‘almost every day’, ‘1-2 times a
week’, ‘a l m o s tn e v e ro rn e v e r ’). The healthy food items
( t h es a m ea sf o rΣHFP) were given 3, 2, 1, and 0 points
for the answers ‘every day’, ‘almost every day’, ‘1-2 times
aw e e k ’,a n d‘a l m o s tn e v e ro rn e v e r ’, respectively, and
the unhealthy food items were given 0, 1, 2, and 3 point
for the answers ‘every day’, ‘almost every day’, ‘1-2 times
a week’,a n d‘almost never or never’, respectively. The 9
scores were summed to create the variable “sum of
healthy food habits” w i t hat h e o r e t i c a lr a n g eo f0 - 2 7 .
Again, low scores indicated less healthy food habits than
high scores.
TV viewing
T h ee x p o s u r ev a r i a b l e sw e r e‘TV viewing during meals
(times/week)’ and ‘TV viewing (hours/day)’.T h e s ev a r i -
ables were likewise self-reported from the previously
described computer-based questionnaire. The variable
‘TV viewing during meals’ was based on the question
“How often do you watch TV while you eat?” It was
measured in 5 categories: ‘every day’, ‘most days’, ‘once
o rt w i c eaw e e k ’, ‘only on weekends’,a n d‘almost never
or never’. Due to the limited number of participants,
and a slightly skewed distribution of the variable, the 5
categories were collapsed to 3 categories: ‘every day or
most days’, ‘once or twice a week or only on weekends’,
and ‘almost never or never’. Two questions on hours of
TV viewing, before (0, <1-2, and >2 hours) and after
school (0, <1, 1-2, 2-3, and >3 hours), respectively, were
recoded so that for TV viewing before school 0 h = 0 h,
< 1h=0 . 5h ,1 - 2h=1 . 5h ,a n d> 2h=2 . 5ha n df o r
TV viewing after school 0 h = 0 h, <1 h = 0.5 h, 1-2 h =
1.5 h, 2-3 h = 2.5 h, and >3 h = 3.5 h. The two recoded
variables were then added to form the variable ‘TV
viewing (h/day)’. TV viewing (h/day) was split into 3
categories (<1, 1-2, and >2 h/day) based on the distribu-
t i o no ft h ev a r i a b l ei nt h es t u d yp o p u l a t i o ni no r d e rt o
obtain three groups with approximately equal n.
Covariates
Body weight was measured to the nearest 100 g with a
beam-scale weight with the subjects wearing light cloth-
ing only, according to a standardized protocol [21,25].
Height was measured to the nearest half centimetre
using a stadiometer. BMI was calculated as body weight
(kg) divided by height (m) squared, and converted to z-
scores using Danish age- and sex specific reference
values [26]. We chose to use the BMI z-score, as this
variable is independent of sex and age [27], and compar-
ison between sex and age groups is therefore much
more straight forward than when using the original BMI
variable. Maternal and paternal BMI were calculated
from self reported height and weight.
Physical activity was measured with MTI Actigraph
accelerometer (Manufacturing Technology, Fort Walton
Beach, Florida, USA). The procedure has been described
in detail elsewhere [21,28]. In brief, the accelerometers
were designed to measure and record vertical body
accelerations. They were worn on the waist. The partici-
pants were instructed to wear the accelerometers for at
least 5 consecutive days including weekend days, except
during water-based activities and while they were sleep-
ing. The activity counts were averaged and stored every
60 seconds. If the record showed zero activity for a per-
iod of 10 minutes or more it was assumed that the
accelerometer had been taken off, and the data for the
period were discarded. A recording was considered suc-
cessful if the accelerometer had been worn at least 10
hours per day for 3 days [28].
Socioeconomic status (SES) was based on question-
naire information about maternal education, which has
been shown to be the best indicator of SES in children
[29]. It was categorized in 6 groups; elementary school
(8
th-10
th grade), high school education, vocational edu-
cation, short further education, medium further educa-
tion, and long further education. The 6 categories were
reduced to two categories by collapsing the first three
into the category ‘no further education’ and the last
three into the category ‘some further education’.
Information on diet was collected using a single 24 h
recall supplemented with a qualitative food record for
each child. The qualitative food records were completed
at home the day before a face-to-face interview. All
interviews were carried out on school days, and the
same person interviewed all children in 1997-98. In
2003-04 all 8-10-year-olds were interviewed by one
interviewer, and all 14-16-year-olds were interviewed by
another interviewer. Quantities were estimated using
common household measures and food pictures. Dietary
intakes were entered into a database for calculation of
nutrient intakes according to the Danish food composi-
tion tables [30].
Statistical analyses
We collapsed data on from EYHS I and EYHS II in the
cross-sectional analyses in order to increase power. The
cross-sectional analyses were performed separately for
8-10-year-olds and 14-16-year-olds, respectively.
Differences in descriptive characteristics between boys
and girls were tested in multiple regression analysis
(proc glm in SAS, version 9.1, SAS Institute Inc., Cary,
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variables) or with Chi-square test (categorical variables).
We used multiple regression analysis for the main
analyses (proc mixed in SAS). School was included in
the models as a random effect to counterbalance the
effect of clustering within schools caused by the cluster-
sampling design. The regression analyses were done
both with and without adjustment for potential con-
founders. Confounders were chosen ap r i o r iand were
kept in the analyses even if they did not change the esti-
mates. We stratified all analyses by sex due to interac-
tions between sex and TV viewing (h/day), and sex and
TV viewing during meals (times/week) both in analyses
of food preferences and in analyses of food habits (All
P < 0.0001).
All cross-sectional analyses were adjusted for survey
year and the adjusted analyses were further adjusted for
BMI z-score, physical activity (mean counts per minute),
maternal BMI, paternal BMI, and SES. Participants who
had missing data on one or more of the variables used
for the main analyses were excluded.
Associations between 6-year changes in ΣHFP, and
ΣHFH and baseline TV viewing (h/day), and TV viewing
during meals (times/week) were examined in the pro-
spective analyses. These analyses were adjusted for base-
line values of BMI z-score, physical activity (mean
counts per minute), maternal BMI, paternal BMI, SES,
and the baseline value of the outcome variable (ΣHFP or
ΣHFH). Associations between 6-year changes in ΣHFP,
and ΣHFH and 6-year changes in TV viewing habits
(TV viewing (h/day), and TV viewing during meals
(times/week)) were examined by including both baseline
and follow-up values of TV viewing habits in the mod-
els. When adjusted for baseline, the estimate for the
follow-up variable is a measure of the change from base-
line to follow-up. These analyses were, likewise, further
adjusted for baseline values of BMI z-score, physical
activity (mean counts per minute), maternal BMI, pater-
nal BMI, SES, and the baseline value of the outcome
variable (ΣHFP or ΣHFH).
As mentioned, the dietary assessment method used in
this study was a single 24 h recall. This method provides
valid data on habitual dietary intake on the group level
[31], but not on the individual level. In order to assess
the agreement between the ΣHFH variable and more
traditional dietary variables and check the internal valid-
ity of the ΣHFH variable we therefore calculated mean
values of fat energy percentage (E%), added sugar E%,
liquid sugar (sugar from carbonated drinks and lemon-
ade) E%, and liquid sugar (g) by tertiles of ΣHFH based
on dietary data from the 24 h recalls. Subsequently, lin-
ear trend analyses, between tertiles of ΣHFH and the
dietary variables were carried out.
Results
The cross-sectional analyses included 382 8-10-year-old
girls (176 from the 1997-98 survey and 206 from the
2003-04 survey), 315 8-10-year-old boys (150 from the
1997-98 survey and 165 from the 2003-04 survey), 275
14-16-year-old girls (97 from the 1997-98 survey and
178 from the 2003-04 survey), and 220 14-16-year-old
boys (82 from the 1997-98 survey and 138 from the
2003-04 survey) with complete data. The prospective
analyses included 131 girls and 101 boys with complete
data at both baseline and follow-up.
Table 1 shows descriptive baseline characteristics of
the participants. Mean TV viewing time increased in the
8-10-year-olds from 1.23 h/day (1 h, 14 min) in 1997/98
to 1.36 h/day (1 h, 22 min) in 2003/04, and in the 14-16-
year-olds from 1.61 h/day (1 h, 37 min) in 1997/98 to 1.70
h/day (1 h, 42 min) in 2003/04. The correlation between
ΣHFP and ΣHFH (Pearson’s r)w a s0 . 3 6( P < 0.0001) in
the 8-10-year-olds, and 0.46 (P < 0.0001) in the 14-16-
year-olds. Boys generally had poorer food habits and pre-
ferences than girls and they also watched more TV.
Dietary fat E%, total added sugar E%, liquid sugar E%,
and liquid sugar intake (g) all decreased across increas-
ing tertiles of ΣHFH in 8-10-year-old girls and boys. In
14-16-year-old girls dietary fat E%, and total added
sugar E% likewise decreased across tertiles of ΣHFH,
and in 14-16-year-old boys total added sugar E%, liquid
sugar E% and liquid sugar intake (g) decreased across
tertiles of ΣHFH, table 2.
Food preferences
More TV viewing (hours/day) was associated with lower
ΣHFP in all 8-10-year-olds and in 14-16-year-old girls,
table 3. Among girls, more hours of TV viewing per day
at age 8-10 years was inversely associated with the sub-
sequent 6-year change in ΣHFP. The 6-year change in
TV viewing (h/day) was not associated with the 6-year
change in ΣHFP among girls. No associations between
either baseline TV viewing (h/day) and the 6-year
change in ΣHFP, or the 6-year change in TV viewing
(h/day) and the 6-year change in ΣHFP was observed
among boys, table 4.
Boys aged 8-10 years, who watched TV during meals
every day or most days had less healthy food preferences
than those who rarely watched TV during meals,
whereas 8-10-year-old girls who watched TV during
meals 1-2 times per week had higher ΣHFP than those
who rarely watched TV during meals. In 14-16-year-
olds no association between ΣHFP and TV viewing dur-
ing meals was present, table 3. The 6-year change in the
ΣHFP was not related to either baseline or 6-year
change in TV viewing during meals (times/week) in
boys or girls, table 4.
Hare-Bruun et al. BMC Public Health 2011, 11:311
http://www.biomedcentral.com/1471-2458/11/311
Page 4 of 10Food habits
Both 8-10-year-olds and 14-16-year-olds of both sexes
had less healthy food habits t h em o r eh o u r st h e ys p e n t
in front of the TV per day, table 3. The 6-year change
in ΣHFH was not associated with either baseline or 6-
year change in TV viewing (h/day) in girls, However,
the concomitant 6-year changes in ΣHFH and TV view-
ing (h/day) were inversely associated in boys, table 4.
Likewise, boys and girls of both age groups who
watched TV during meals every day or most days had
lower ΣHFH than those who rarely watched TV during
meals, table 3. The 6-year change in ΣHFH was not
related to baseline TV viewing during meals (times/
week) or 6-year change in TV viewing during meals
(times/week) in either girls or boys, table 4.
Discussion
We examined whether high levels of TV viewing were
associated with unhealthy food preferences and food
habits and found for both boys and girls that the more
time spent in front of the TV the poorer the food prefer-
ences and food habits, although the associations were
slightly stronger in boys than girls. The finding of less
healthy food preferences and food habits observed among
boys in the present study, is in line with previous studies,
where both preference for- and intake of fruit and vegeta-
bles have been observed to be higher among girls [32-35],
whereas boys have been found to have higher preference
for meat, and fatty and sugary foods [33,35]. In combina-
tion with the poorer mean food preferences and food
habits among boys, the stronger associations between TV
Table 1 Selected characteristics of participants
8-10-year-olds 14-16-year-olds
Girls (n = 382) Boys (n = 315) P Girls (n = 275) Boys (n = 220) P
Continuous variables
1
Age (years) 9.7 (0.4) 9.8 (0.4) <0.0001 15.6 (0.4) 15.7 (0.4) 0.07
Height (cm) 139.2 (6.4) 140.3 (6.5) 0.03 165.5 (6.6) 176.4 (7.3) <0.0001
Bodyweight (kg) 33.4 (6.2) 34.1 (6.3) 0.19 57.9 (9.6) 65.5 (10.5) <0.0001
BMI z-score
2 0.3 (1.1) 0.3 (1.2) 0.83 0.4 (1.0) 0.5 (1.0) 0.04
Maternal BMI (kg/m
2) 23.5 (3.9) 24 (4.2) 0.09 23.8 (4.5) 24.6 (5.4) 0.05
Paternal BMI (kg/m
2) 25.4 (3.3) 25.4 (2.9) 0.83 25.7 (3.5) 25.6 (3.3) 0.77
Energy intake (MJ)
3 8.4 (2.2) 9.4 (2.7) <0.0001 8.5 (2.9) 12.0 (4.3) <0.0001
Fat E%
3 31.2 (7.2) 31.5 (6.9) 0.73 28.4 (8.1) 30.5 (7.6) 0.006
Sugar E%
3 9.5 (6.6) 9.7 (6.9) 0.65 9.5 (8.0) 10.7 (7.1) 0.11
Liquid sugar (E%)
3 3.5 (4.8) 3.7 (4.7) 0.53 3.9 (5.9) 5.6 (6.1) 0.002
Liquid sugar (g/day)
3 16.5 (21.5) 20.8 (26.3) <0.0001 20.3 (35.9) 40.4 (46.3) <0.0001
Σ healthy food preferences 7.2 (2.5) 6.4 (2.4) <0.0001 7.6 (2.4) 6.1 (2.3) <0.0001
Σ healthy food habits 19.9 (3.1) 19.1 (3.3) 0.003 20.6 (2.9) 18.3 (3.3) <0.0001
TV viewing (h/day) 1.2 (0.9) 1.4 (1.1) 0.0005 1.5 (1.1) 1.8 (1.2) 0.01
Physical activity (mean counts/min) 592.1 (189.3) 710.3 (217.8) <0.0001 410.6 (143.9) 477.4 (171.3) <0.0001
Categorical variables
4
SES
Low 186 (48.7) 153 (48.6) 131 (47.6) 115 (52.3)
High 196 (51.3) 162 (51.4) 0.97 144 (52.4) 105 (47.7) 0.31
TV viewing
<1 h/day 162 (42.4) 115 (36.5) 85 (30.9) 58 (26.4)
1-2 h/day 180 (47.1) 145 (46.0) 123 (44.7) 93 (42.3)
>2 h/day 40 (10.5) 55 (17.5) 0.02 67 (24.4) 69 (31.4) 0.20
TV meals
Almost never or never 92 (24.1) 81 (25.7) 54 (19.6) 50 (22.7)
1-2 times a week 171 (44.8) 98 (31.1) 111 (40.4) 64 (29.1)
Every day or most days 119 (31.2) 136 (43.2) 0.0005 110 (40.0) 106 (48.2) 0.03
1P for difference between boys and girls of same age, tests for difference in multiple regression analysis. Analyses were adjusted for survey year. Values are
mean (SD).
2Based on a Danish reference population [26].
3Due to some missing values on the dietary variables these values are based on 356 8-10-year-old girls, 278 8-10-year-old boys, 265 14-16-year-old girls, and 208
14-16-year-old boys.
4P for difference between boys and girls of same age, Chi-square test for difference between groups. Values are n (%).
SD, standard deviation; BMI, body mass index; MJ, Mega Joule; E%, percentage of energy; SES, socioeconomic status.
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habits, could suggest that boys’ food preferences and food
h a b i t sm a yb em o r es u s c e p t i b l et ob ei n f l u e n c e db yT V
viewing than girls’ food preferences and food habits.
Poorer food habits included a higher consumption of
French fries, carbonated drinks, pizza, crisps, burgers,
and sweets/chocolate and a lower consumption of fruit,
vegetables, and salad. These results are supported by
other studies, which have found high levels of TV view-
ing to be associated with low fruit intake, high soft
drink intake and high fat intake in school-aged children
[13-15]. However, previous studies did not examine the
persistence over time of these relations. We examined if
TV viewing habits at age 8-10 years and the 6-year
changes in TV viewing habits were related to changes in
food preferences and food habits during the 6 years of
follow-up, but found that such associations were not
consistent.
The straightforward explanation is that food prefer-
ences and food habits are established early [4] and may
be very fixed even at the age of 8-10 years. The changes
that might occur during the follow-up period may, for
that reason, be minimal. The results of the prospective
analyses therefore support the hypothesis that food pre-
ferences and food habits are established early in life, and
that later changes are likely to be small. The lack of
associations in the prospective analyses may, however,
in part be due to the long time span between the two
surveys. Trends in TV viewing habits may have changed
d u r i n gt h ef o l l o w - u pp e r i o d ,w h i c hm a yh a v eo b s c u r e d
potential associations. Nevertheless, we found only mini-
mal increases in total TV viewing time (h/day) in both
age groups in 2003 compared to 1997. Hence, potential
confounding by differences in TV viewing would have
to be in the quality of the TV programs, or in the beha-
viour associated with TV viewing. Unfortunately, we did
not have information about these factors.
The outcome measures ΣHFP and ΣHFH were created
because we wanted a measure of food preferences, and
also a comparable measure of food habits. We compared
ΣHFH with fat intake, and sugar intake and found good
agreement between ΣHFH and the dietary variables.
Even though the nutrient intake was assessed for one
day only, we therefore believe that the ΣHFH is a rea-
sonable indicator of the children’s food habits. It is not
possible to evaluate the ΣHFP variable in the same way
since food preferences are subjective and only partly
related to the food habits.
The sums of healthy food preferences and healthy
food habits were, however, positively correlated. The
correlations were moderate, though, indicating that fac-
tors other than preference influence food intake habits,
even in childhood. One such factor could be parental
control. A high level of parental control of a child’se a t -
ing habits has been found to result in food preferences
that were opposite to those intended by the parents. For
instance, it has been observed that children who were
pressured to eat specific foods to get a reward tended to
develop an aversion against these foods [36,37]. In line
with this, other studies have found that restricted foods
often became preferred foods [38,39]. Food preferences
and actual food intake is therefore not necessarily highly
correlated. The correlation between food preferences
and food habits was slightly stronger among the 14-16-
year-olds than among the 8-10-year-olds. It could be
speculated that the 14-16-year-olds experience less par-
ental control of their eating habits than the 8-10-year-
olds, which may contribute to the observed stronger
correlation in this age group. It seems plausible that
Table 2 Mean values of selected dietary variables
according to tertiles of Σ healthy food habits
1
Tertiles of Σ Healthy food habits
123 Ptrend
3
Girls, 8-10 years
n 108 135 113
Fat E% 32.2 (6.9)
2 31.3 (7.3) 30.3 (7.2) 0.05
Added sugar E% 10.8 (7.4) 9.5 (6.3) 8.2 (6.0) 0.003
Liquid sugar E% 4.6 (5.4) 3.4 (4.6) 2.4 (4.0) 0.0005
Liquid sugar (g) 20.9 (22.1) 17.0 (22.1) 11.6 (19.3) 0.001
Boys, 8-10 years
n 108 82 88
Fat E% 32.2 (6.8) 32.5 (6.8) 29.7 (6.9) 0.02
Added sugar E% 10.7 (7.7) 9.4 (5.8) 8.8 (6.5) 0.04
Liquid sugar E% 4.5 (5.4) 3.2 (3.9) 3.2 (4.3) 0.05
Liquid sugar (g) 25.4 (31.4) 18.9 (22.6) 17.1 (21.5) 0.02
Girls, 14-16 years
n 8 79 97 9
Fat E% 30.2 (8.9) 28.8 (7.1) 26.0 (7.7) 0.001
Added sugar E% 11.5 (8.5) 8.6 (6.8) 8.4 (8.4) 0.008
Liquid sugar E% 4.8 (5.7) 3.4 (5.4) 3.6 (6.6) 0.16
Liquid sugar (g) 24.2 (28.3) 17.4 (28.4) 19.7 (49.3) 0.37
Boys, 14-16 years
n 7 67 26 0
Fat E% 31.1 (6.8) 31.4 (8.9) 28.7 (6.7) 0.11
Added sugar E% 12.9 (7.6) 9.8 (7.3) 8.9 (5.6) 0.0006
Liquid sugar E% 7.5 (7.0) 4.8 (5.6) 4.2 (4.8) 0.0007
Liquid sugar (g) 58.0 (55.3) 31.8 (38.9) 28.3 (34.2) <0.0001
1Due to some missing values on the dietary variables these analyses include
356 8-10-year-old girls, 278 8-10-year-old boys, 265 14-16-year-old girls, and
208 14-16-year-old boys. Uneven numbers in the 3 tertiles are due to the
properties of the ΣHFH variable, which includes whole numbers only. Higher
values of ΣHFH indicate healthier food habits.
2Mean (SD), all such values.
3P-value for linear trend across tertiles of ΣHFH
E%, percentage of energy
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Page 6 of 10Table 3 Cross-sectional associations between ΣHFP, and ΣHFH and TV viewing habits in 8-10-year-olds and 14-16-
year-olds
8-10 years 14-16 years
Girls (n = 382) Boys (n = 315) Girls (n = 275) Boys (n = 220)
Σ Healthy Food Preferences
TV viewing (h/day)
Crude model
2
>2 h/day -0.94* (-1.79; -0.08)
1 -1.31*** (-2.07; -0.55) -0.96* (-1.71; -0.21) -0.75 (-1.54; 0.04)
1-2 h/day -0.54* (-1.06; -0.01) -1.11*** (-1.70; -0.53) -0.50 (-1.15; 0.15) -0.24 (-0.99; 0.50)
<1 h/day 0 ref 0 ref 0 ref 0 ref
Adjusted model
3
>2 h/day -1.06* (-1.91; -0.21) -1.36*** (-2.13; -0.59) -0.94* (-1.69; -0.18) -0.78 (-1.57; 0.02)
1-2 h/day -0.61* (-1.13; -0.09) -1.12*** (-1.70; -0.54) -0.44 (-1.08; 0.21) -0.38 (-1.13; 0.36)
<1 h/day 0 ref 0 ref 0 ref 0 ref
TV meals/week
Crude model
2
most days/every day -0.04 (-0.71; 0.63) -0.83* (-1.50; -0.16) -0.60 (-1.37; 0.17) -0.67 (-1.43; 0.10)
1-2 times/week 0.68* (0.06; 1.31) -0.29 (-1.01; 0.42) -0.26 (-1.02; 0.50) -0.68 (-1.52; 0.15)
almost never/never 0 ref 0 ref 0 ref 0 ref
Adjusted model
3
most days/every day -0.04 (-0.71; 0.63) -0.84* (-1.52; -0.16) -0.66 (-1.44; 0.12) -0.72 (-1.48; 0.05)
1-2 times/week 0.60 (-0.02; 1.22) -0.28 (-1.00; 0.44) -0.33 (-1.10; 0.44) -0.72 (-1.56; 0.12)
almost never/never 0 ref 0 ref 0 ref 0 ref
Σ Healthy Food Habits
TV viewing (h/day)
Crude model
2
>2 h/day -1.45** (-2.50; -0.40) -1.67** (-2.71; -0.64) -1.47** (-2.37; -0.56) -2.16*** (-3.27; -1.04)
1-2 h/day -0.72* (-1.37; -0.08) -0.73 (-1.51; 0.06) -0.20 (-0.98; 0.59) -0.88 (-1.93; 0.16)
<1 h/day 0 ref 0 ref 0 ref 0 ref
Adjusted model
3
>2 h/day -1.58** (-2.60; -0.55) -1.48** (-2.51; -0.45) -1.39** (-2.30; -0.49) -2.02*** (-3.15; -0.89)
1-2 h/day -0.94** (-1.57; -0.31) -0.67 (-1.44; 0.10) -0.16 (-0.93; 0.62) -0.80 (-1.87; 0.26)
<1 h/day 0 ref 0 ref 0 ref 0 ref
TV meals/week
Crude model
2
most days/every day -1.61*** (-2.43; -0.79) -2.50*** (-3.36; -1.65) -1.28** (-2.20; -0.37) -2.14*** (-3.20; -1.08)
1-2 times/week -0.60 (-1.36; 0.16) -1.00* (-1.92; -0.07) 0.16 (-0.75; 1.07) -0.60 (-1.77; 0.56)
almost never/never 0 ref 0 ref 0 ref 0 ref
Adjusted model
3
most days/every day -1.56*** (-2.36; -0.76) -2.25*** (-3.11; -1.40) -1.24** (-2.16; -0.32) -2.04*** (-3.12; -0.96)
1-2 times/week -0.71 (-1.45; 0.03) -1.02* (-1.93; -0.11) 0.07 (-0.85; 0.98) -0.51 (-1.69; 0.67)
almost never/never 0 ref 0 ref 0 ref 0 ref
ΣHFP, Sum of healthy food preferences; ΣHFH, sum of healthy food habits; ref, reference category.
1Estimate (95% confidence interval), all such values.
2Adjusted for survey year. School included in model as random effect.
3Adjusted for survey year, BMI z-score, maternal BMI, paternal BMI, physical activity, SES (maternal education). School included in model as random effect.
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001.
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Page 7 of 10younger children have less influence on their intake and
hence, associations between food preferences and habits
in this age group would be expected to be weaker than
in older age groups.
TV viewing measured as hours per day was more con-
sistently associated with food preferences than the fre-
quency of TV viewing during meals. This may be related
to a potentially less accurate measurement of the fre-
quency of TV viewing during meals than the hours of
TV viewing per day, since the question regarding TV
viewing during meals may have been less clear than the
questions regarding the number of hours of TV viewing
per day. The participants were asked, “How often do you
watch TV while you eat?” It was not specified whether
this included all foods or only regular meals. However,
we reduced the original five categories to three categories
before analyzing the data, and potential misclassifications
are therefore likely to have been reduced. Furthermore
the reliability and validity of the questionnaire has been
tested and found to be good in both age groups [21].
Part of the effect of TV viewing on food preferences
and food habits is likely to be mediated through TV
commercials. Previous studies have found that roughly
30-50% of the TV commercials directed towards
children are for foods high in sugar and/or fat [40-44],
and several studies report that children prefer advertised
food items over non-advertised food items [10-12].
Unfortunately, no information on TV commercials was
available and thus the effect of commercials could not
be taken into account in the analyses.
A few other limitations should be noted. First, only 232
participants had complete information for prospective
analyses, mainly due to missing information on physical
activity measured by accelerometer. Exclusion of physical
activity from the analyses gave essentially similar results
but increased the sample size by 50% (data not shown).
Hence, type II error is unlikely to be the reason for the
lack of associations in the prospective analyses.
Second, the analyses were based on questionnaire vari-
ables and a potential risk of misreporting is present.
However, a random bias in the reporting of TV viewing
and/or food preferences and -habits would tend to
attenuate the true associations and hence, results may
have been stronger than those observed.
Conclusions
The results from this study indicate that both food pre-
ferences and food habits are associated with TV viewing
Table 4 Six-year changes in ΣHFP and ΣHFH in relation to baseline and 6-year changes in TV viewing habits
Δ (ΣHFP) Δ (ΣHFH)
Girls (n = 131) Boys (n = 101) Girls (n = 131) Boys (n = 101)
TV (h/day) at baseline
2
>2 h/day -1.58* (-3.10; -0.06)
1 0.18 (-1.04; 1.39) -1.01 (-2.80; 0.79) -1.51 (-3.54; 0.52)
1-2 h/day -0.57 (-1.47; 0.32) -0.44 (-1.25; 0.38) 0.02 (-1.04; 1.08) -0.53 (-1.90; 0.85)
<1 h/day 0 ref 0 ref 0 ref 0 ref
TV (h/day) at follow-up adjusted for TV (h/day) at baseline
3
>2 h/day 0.10 (-1.07; 1.26) 0.07 (-0.99; 1.14) -0.85 (-2.20; 0.51) -2.62* (-4.30; -0.94)
1-2 h/day 0.26 (-0.75; 1.27) 0.07 (-0.96; 1.11) -0.38 (-1.56; 0.80) -1.28 (-2.88; 0.33)
<1 h/day 0 ref 0 ref 0 ref 0 ref
TV during meals (times/week) at baseline
2
most days/every day -0.55 (-1.68; 0.58) 0.31 (-0.75; 1.36) 0.60 (-0.73; 1.93) -1.07 (-2.83; 0.69)
1-2 times/week -0.28 (-1.34; 0.77) 0.55 (-0.47; 1.58) 0.64 (-0.58; 1.87) -0.98 (-2.71; 0.75)
almost never/never 0 ref 0 ref 0 ref 0 ref
TV during meals (times/week) at follow-up adjusted for TV during meals (times/week) at baseline
3
most days/every day -0.10 (-1.29; 1.10) 0.32 (-0.86; 1.50) -0.61 (-1.98; 0.76) -0.75 (-2.73; 1.23)
1-2 times/week 0.17 (-1.04; 1.38) 0.20 (-0.97; 1.37) 0.65 (-0.73; 2.03) 0.06 (-1.89; 2.02)
almost never/never 0 ref 0 ref 0 ref 0 ref
ΣHFP, Sum of healthy food preferences; ΣHFH, sum of healthy food habits; Δ, change; ref, reference category.
1Estimate (95% confidence interval), all such values.
2Adjusted for baseline values of ΣHFP/ΣHFH, BMI z-score, maternal BMI, paternal BMI, physical activity, SES (maternal education). School included in model as
random effect.
3Adjusted for baseline values of ΣHFP/ΣHFH, TV viewing (h/day or meals/week), BMI z-score, maternal BMI, paternal BMI, physical activity, SES (maternal
education). School included in model as random effect.
*P ≤ 0.05.
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Page 8 of 10habits cross-sectionally. Time spent on TV viewing, and
to a lesser degree TV viewing during meals, were asso-
ciated with poorer food preferences and food habits
among school-aged children. Seen from a public health
perspective, interventions aiming at improving food pre-
ferences and food habits in children should, therefore,
consider TV viewing as a potential important influen-
cing factor, and restrictions in especially total TV view-
ing time may be beneficial for the development of
healthy food preferences and food habits. Compared to
girls, boys seemed to prefer and eat less healthy foods in
general. These associations, however, were not generally
persistent after 6 years of follow-up.
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